cepacia) are also of substantative conoern because of their similar high intrinsic resistances to antibiotics. The basis for the high intrinsic resistance of these organisms is the low outer-membrane permeability of these species, coupled with secondary resistance mechanisms such as an inducible cephalosporinase or antibiotic eflux pumps, which take advantage of low outer-membrane permeability. Even a small change in antibiotic susceptibility of these organisms can result in an increase in the MIC of a drug to a level that is greater than the clinically achievable level. In this review, the major mechanisms of resistance observed in the laboratory and clinic are summarized.
Overview
Of the nonfermentative bacteria, only one, Pseudomonas aeruginosa, can be considered a major pathogen (table 2) f2, [13] [14] [15] . What is more controversial is how this low outermembrane perrneability comes about.
There is reasonable (but disputed [16] ) evidence that the major porin is OprF fl7 , 181 and that this porin is responsible for the large exclusion limit of the P. aeruginosa outer membrane. Despite its high copy number, OprF represents an inefficient uptake route for antibiotics (either because of heterogeneity in channel formation [9] or an inefficient channel architecture [7] ), and thus other channels must be influential in the residual 25%-35% of nonspecific outer-membrane perrneation that is nof due to OprF. Overexpression studies with OprD have eliminated this porin as mediating passage of any antibiotic other than zwrtterionic carbapenem p-lactams such as imipenem and meropenenr [20] . OprC and OprE, [16, 2l) [2] . All of these proteins have quite small channels. The porins of S. maltophilia, on the other hand, are proposed to be similar in size to those of E. coli but present in rather low copy numbers [15] , explaining the low overall outer-membrane permeability of this species.
Specific channels are responsible for uptake of B-lactams that mimic the natural substrates of these channels. Thus, zwitterionic carbapenems such as imipenem and meropenem mimic dipeptides containing one basic amino acid t251. Therefore, they use a specific porin protein, OprD, which contains a binding site for such amino acids and imipenem [20 , 2sf .Similarly, catechol p-lactams bind Fe3* and in E. coli cross the outer membrane by promiscuous proteins which serve to scavenge iron bound to the degradation products of siderophore [26, 27] . Such proteins have not as yet been identified or characterized in the nonfermenters (see t27D.
Uptake across the outer membrane of polycationic antibiotics such as gentamicin, tobramycin, and colistin is mediated by an uptake system termed self-promoted uptake tl l]. This system involves the interaction of the polycation with divalent cation binding sites that are on cell surface lipopolysaccharide (LPS) molecules and that normally stabilize the outer membrane.
Since these polycationic antibiotics are much larger than the native divalent cations, they cause a disruption that permeabilizes the membrane to a variety of probes and presumably to 
Acquired Resistance
For P. aeruginosa, a major disparity has been observed between in vitro MICs and in vivo efficacy. Thus, despite achievement during therapy of antibiotic concentrations that should be therapeutically efficacious, cure is not achieved. Bryan [40] has discussed this phenomenon, which he term ed persistence, in some detail. Because bacteria revert to full susceptibility when removed from the host, it is a very difficult phenomenon to study. However, we [41] and other investigators l42l have described systems in which it can be observed in vivo. [n our 13 . plasmid-encoded p-ractamases have been described, including TEM-I, LCR-I, Nps-l, oxA-I, oxA-2, oxA-3, oxA-s, oxA-6, CARB-4, psE-l (the most common type in P-aentginosa), PSE-2, psE-3, and psE-4 [35] . These B-lactamases are not a major factor in modern antimicrobial chemotht'rapy for P aeruginosa infection, since they are relatively infrequent and tend to result in resistance to a restricted r4nge of p-lactams (largely penicillins) that are relatively less frequently used for pseudomonas infections. One enzyme that has caused some concern is a plasmid-encoded carbapenemase observed in some Japanese p. aentginosa isolates [35] .
For imipenem and meropenem, the rnajor resistance mechanism is loss of the specific porin oprD, which occurs in as mahy as 50Yo of P. aeruginosa infections treated for )l week with imipenem [48] . studies overexpressing oprD have indicated that oprD is very specific for these carbapenems and does not mediate passage of other B-lactams and quinolones [201. Indeed, the observed cross-resistance to imipenem and fluoroquinolones that is coincident with a reduction in OprD levels t49l is probably due to a regulatory mutation, nfxc [soJ, that simultaneously influences an effiux system.
.s-maltophilia is highly resistant to p-lactams (table I ) because of its two p-lactamases, and thus mutational resistance causes no further problems. B. cepacia does demonstrate susceptibility to a subset of p-lactams, but many isolates resistant to all known p-lactams, probably because of derepression of chromosomal p-lactamase, have been observed [14] . similafly, A. baumanii can mutate to p-lactam resistance [3] [6] .
Another mechanism of resistance to aminoglycosides, resulting in lower-level resistance to all aminoglycosides, is decreased uptake. This results from alterations leading to reduced passage across the outer [52] or inner [53] membranes.
Quinolones
Quinolone-resistant mutants of P aentginosa fall into two classes, those resulting from target-site mutations in DNA gyrase [54] , and those resulting from effiux mutations [32, 50] .
When P. aeruginosa is exposed to step-wise selection with increasing levels of ciprofloxacin, mutations that cause an MIC change of less than l6-fold influence the susceptibility of only ciprofloxacin and other quinolones and are probably DNA gyrase mutations [55] . When [7] . other S. maltophitia Antibiotic Resistance in Nonfermenters mutants had increases in the amounts of outer-membrane proteins that were reminiscent of derepressed effiux mutants [7] , and analagous mutants have been observed in B. cepacia [33] . Efflux [59, 60] .
